Abstract: Squeeze film dampers (SFD) 
INTRODUCTION
The dynamics of turbomachinery depends upon the behavior of the rotor, which in turns, is strongly influenced by the rotor's supports. Designing the shaft supports for high speed turbines is a difficult task; the design of the shafts supports for aviation jet engines must also address additional requirements stemming from safety regulations that actually make ball bearings mandatory, so designers must use additional devices to tune the stiffness and damping of the shaft supports in order to obtain appropriate shaft dynamics.
Squeeze Film Dampers (SFD) are probably the main class of devices that can be used to tune the properties of shaft's supports when space and mass constraints are stringent. SFDs are essentially thin oil films installed around the ball bearing housing (or even ball bearings outer races) to lower the stiffness and to provide damping for a better control of the lateral vibrations of the shaft. SFDs are mainly used in aerospace turbines, although as groundinstalled turbines can utilize much cheaper linear "piston" damper (and the shafts' weight is not a major concern). In theory, any fluid film installed around a device can provide damping; however, classical hydrodynamic journal bearings are prone to instability, so the spin motion in squeeze film dampers is prevented by mechanical and/or hydrodynamic forces. Figure 1 shows a schematic of a SFD in which the spin is prevented by the seals and by a pin.
Squeeze Film Dampers have been studied for several decades, and, in spite of the fact that many researchers have been dedicated their efforts to understand the squeeze film lubrication, e.g. Refs [1] , [2] designing SFDs is, still, partly an art, as many aspects related to modeling these devices are still subject to open research.
As any oil film, SFDs can be affected by cavitation, which is strongly influenced by the oil supply/drain system and by the seals; some aspects regarding the design of the SFDs are briefly mentioned herein. 
ASPECTS RELATED TO THE MODELING OF SFD
The key features of the squeeze film dampers are related to the loads developed in the oil film and the manner in which the load varies with the operation conditions, especially with respect to speed and position.
The loads within a fluid can be obtained from the pressure field which is in turn provided by a fluid flow model, most generally the Navier Stokes equations; however, in many practical cases the Reynolds number is small and the fluid film is also very thin (a thick film would mean allowing a high amplitude vibration which ultimately can cause loss of pressure hence a loss of overall performance of the turbine) so, for many practical cases the flow within a SFD can be analyzed using the Reynolds equation, which, when air entrainment in the oil film is restricted, can be written as Eq. (1),
Pressures fields for dampers with complex geometries and boundary conditions can only be obtained numerically, and, although numerical methods for solving Eq.(1) have been continuously improving, Refs. [3] , [4] and in spite of the progresses in computing power, numerical solutions are still too time-consuming to be included in early stages of the advanced design procedures, which are iterative in nature.
Moreover, some features of the solutions, i.e. of the pressure field can not be easily described by the mathematical models so the design of the SFDs still relays (sometimes quite heavily) on the experience of the designer.
A typical pressure field within a SFD consists of a positive area (which corresponds to the positive squeeze domain) and an area where the pressure decreases to values which can theoretically be very small (along negative squeeze locations), Fig. 2 . Form a geometrical stand-point, most SFDs are narrow, (the diameter is larger than the width), which is also valid for many of the bearings currently utilized in practice (while the bearings utilized in the pioneering years of the modern lubrication where rather long, sometimes much longer than the diameters).
If the damper is narrow and no flow restriction exists at the lateral boundaries, the axial flow rate is much higher than the circumferential flow rate, so the first term on the left hand side of Eq. (1) can be neglected and the equation can be integrated without difficulty (within the limits of the well known "short bearings" theory); finally, if the pressure at the axial BC are constant and equal, the radial and the tangential components of the hydrodynamic load become,
and     where, 0 p which is related to the pressure in the negative squeeze area is imposed by the supply and sealing systems, [5] .
In many cases the pressure in the negative squeeze area is either close to the atmospheric pressure (gaseous cavitation) or very low, indicating a high vacuum, which in turns indicates a vapor cavitation, which can be destructive for the device and should be avoided (it is not the case for the gaseous cavitation which often has a positive impact). The nature of the cavitation, in turns, depends greatly upon the supply and sealing systems; if the sealing is very tight and the pressure in the supply and drain lines is moderate, the oil film is prone to vapor cavitation; however, if ample amounts of oil are available and it is supplied at high pressures, and moreover, if the drain lines are also pressurized, the negative squeeze area might be refilled such that the gaseous phenomena are mild and the pressure in this area is largely controlled by the oil supply and drain systems. If the sealing allows the outside air to enter in large enough quantities, the negative squeeze area will work at a constant pressure close to the atmospheric pressure, and, moreover, within certain conditions (e.g. when the oil flow rate and supply pressure are rather low) bubbly lubrication (foam might appear) and the damper becomes soft.
When the diameter of the damper is much smaller than the width, the axial flow is significantly lower than the circumferential flow, the Equations (2) and (3) actually applies for cases when axial flow within the bearing is significantly bigger than the circumferential flow, regardless of the dimension of the bearings. In other words they can only be applied if second term on the left hand side of Eq. (1) can be neglected and the equation can, once again, be integrated without difficulty (the well known "long bearing" theory), and the forces created within the oil film are [5] 
which are significantly bigger than the short bearings loads of a "short bearing" of similar geometry (i.e. they are significantly bigger than the loads produced in a similar bearing where the axial flow is significantly bigger than circumferential flow). It should be emphasized that the behavior does not simply depend upon the l/r ration, but it is actually function of the ratio between the flow rates in the axial direction and in the circumferential direction; pure geometrical features are more important in low loaded dampers, like open ends dampers operating at low supply pressures and flow rates, however, in modern turbomachinery dampers, with complex supply and sealing systems, the nature of a damper (i.e. "long", "short" or neither one of them) can only be decided via an analysis of the flow rates.
A geometrically short damper with supply, drain and sealing systems that make the circumferential flow dominant will generate pressures corresponding to the "long" damper, which are significantly higher than the pressures in a "short" oil film.
Cavitation effects in the "long" SFD are, qualitatively, similar to cavitation effects in short dampers, however, as expected, the cavitation in long SFDs is more sensitive to the way in which the supply and drain locations are positioned along an axial direction.
If the Re number is high, the inertia terms can no longer be neglected and many authors studied inertia effects (for example Refs. [7] , [8] , [9] ); however, for many practical cases the Re numbers are not extremely high and the cumulated effect of the supply-drain system and, subsequently, the pressure in the negative squeeze area have a much larger effect on the damper's behavior than the inertia terms.
Last, but not least, it should be emphasized once again that adding damping to the supports has a significant effect on the behavior of a rotor. The ratio of the load transmitted to the structure via damper equipped supports and the load transmitted via infinitely rigid dampers, in the case of an unbalanced rotor, typically varies with respect to the speed as shown in Fig. 3 , (the analysis for the case of a rotor executing a circular centered orbit can be found, for example, in Ref. [5] ).
The relative angular speed in Fig. 3 is the dimensionless angular speed, i.e. the ratio between the angular speed and the first critical angular speed). The results depicted in Fig. 3 show, Ref. [5] , that flexibility provided by damping can reduce the dynamic load transmitted through the bearings provided that supports are made soft enough to keep the undamped critical speed considerably less than 70% of the operating speed, however, damping increase the load transmitted to the structure at high speed where the effect of the support flexibility is favorable. Last, but not least, damping can help reducing the transmitted load at critical speed, but wrong selected dampers can produce dynamic loads higher than the rigid support values. 
CONCLUSION
The behavior of a SFD depends on the flow within the oil film. The supply and drain systems together with the sealing system impose the ratio between the axial flow rate and the radial flow rate as well as the pressure in the negative squeeze area. Vapor cavitation may occur (which can be destructive), however, gaseous phenomena can be controlled by providing larger amounts of oil at higher pressures. Flexibility provided by damping can reduce the dynamic load transmitted through the bearings provided that supports are made soft enough to keep the undamped critical speed considerably less than 70%, however, wrong selected dampers can have a detrimental effect. 
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